Fragile X syndrome (FXS) patients do not make the fragile X mental retardation protein (FMRP). The absence of FMRP causes dysregulated translation, abnormal synaptic plasticity and the most common form of inherited intellectual disability. But FMRP loss has minimal effects on memory itself, making it difficult to understand why the absence of FMRP impairs memory discrimination and increases risk of autistic symptoms in patients, such as exaggerated responses to environmental changes. While Fmr1 knockout (KO) and wild-type (WT) mice perform cognitive discrimination tasks, we find abnormal patterns of coupling between theta and gamma oscillations in perisomatic and dendritic hippocampal CA1 local field potentials of the KO. Perisomatic CA1 theta-gamma phase-amplitude coupling (PAC) decreases with familiarity in both the WT and KO, but activating an invisible shock zone, subsequently changing its location, or turning it off, changes the pattern of oscillatory events in the LFPs recorded along the somato-dendritic axis of CA1. The cognition-dependent changes of this pattern of neural activity are relatively constrained in WT mice compared to KO mice, which exhibit abnormally weak changes during the cognitive challenge caused by changing the location of the shock zone and exaggerated patterns of change when the shock zone is turned off. Such pathophysiology might explain how dysregulated translation leads to intellectual disability in FXS. These findings demonstrate major functional abnormalities after the loss of FMRP in the dynamics of neural oscillations and that these impairments would be difficult to detect by steady-state measurements with the subject at rest or in steady conditions.
Introduction
Cognitive discriminations require distinguishing between similar but distinct experiences. Since multiple experiences are always serial, at least one must be represented in memory. Such discriminations require the coordinated temporal binding and segregation of neural representations in the ongoing electrical activity within and between networks of neurons (Phillips and Singer, 1997; Johnson and Redish, 2007; Lisman and Buzsaki, 2008; Buzsaki, 2010; Kelemen and Fenton, 2010; Kelemen and Fenton, 2013) .
Cognitive discriminations are impaired in Fragile X Syndrome (FXS) patients (Bailey et al., 1998; Holsen et al., 2008; Hooper et al., 2008; Ornstein et al., 2008) , which may result in both impaired learning and exaggerated responding to small alterations of the environment. FXS is caused by silencing of the FMR1 gene (Pieretti et al., 1991; Colak et al., 2014) and the consequent failure to make the fragile X mental retardation protein (FMRP) that participates in RNA metabolism (Jin et al., 2004; Park et al., 2008; Kao et al., 2010; Melko and Bardoni, 2010) . Despite detailed molecular knowledge of the role of FMRP and the consequences of its absence, the systems-level knowledge is inadequate and how dysregulated translation results in cognitive dysfunction is unknown.
Loss of FMRP in mouse models is associated with alterations in synaptic development and function (Comery et al., 1997; Braun and Segal, 2000; Bassell and Warren, 2008) . Cognitive discrimination deficits are prominent in Fmr1 knockout (KO) rodents that do not make FMRP, although learning and memory per se are relatively normal (Bakker et al., 1994; D'Hooge et al., 1997; Zhao et al., 2005; Brennan et al., 2006; Bhattacharya et al., 2012; Till et al., 2015) . Indeed, loss of FMRP did not alter activity-dependent synaptic plasticity in cultured neurons (Segal et al., 2003) but is associated with enhanced mGluRstimulated hippocampal long-term depression (LTD) (Huber et al., 2002) . While altered hippocampal long-term potentiation (LTP) is not typical in Fmr1 KO mice (Godfraind et al., 1996) , when it is observed the deficit is in LTP stability (Lauterborn et al., 2007) . Reduced or abolished LTP is observed in neocortex and amygdala (Larson et al., 2005; Zhao et al., 2005; Shang et al., 2009; Chen et al., 2014) . However, the functional changes that link dysregulated translation to impaired cognition are unknown, and a theory is lacking. Neurobiology of Disease 88 (2016) 125-138 
